In this paper magnesium carbonate (MgCO 3 ) and titanium-dioxide (TiO 2 ), crystalline modification rutile were used as starting powders.. Process of sintering can be enhanced if mechanical activation precedes. Mechanical activation of the starting mixture was performed by high energy ball milling using ZrO balls and vessels with ball to powder mass ratio 40:1. The observed grinding times were 15, 30, 60 and 120 minutes. The isothermal sintering of compacted powders was conducted at 1100 o C during 30, 60 and 180 minutes. For specimens synthesized in such a manner, microwave dielectric properties were measured, quality factor Q, specific electrical resistivity (ρ) and the dielectric constant (ε r ).
INTRODUCTION
Development of microwave dielectric resonators and antennas for applications in communication systems such as cellular phone, direct broadcasting satellite (DBS) and global positioning systems has been rapidly progressing in the past decade [1, 2] . Recently, microwave dielectrics are widely used as resonators, filters and oscillators [3] . The dielectric characteristics required for microwave resonator are high dielectric constant ( r ) to reduce the size of resonators and high quality factor (Q) for achieving prominent frequency selectivity and stability [1] . Moreover, low-sintering temperature is also required to match with low-loss and low-melting point conductors in fabrication of dielectric devices [4] . There are several methods used for reducing sintering temperature of dielectric ceramics such as addition of a low-softening glass or liquid phase sintering aid, chemical pre-treatment and processing of precursor ceramic powders and reduction of particle sizes of starting materials. MgCO 3 -TiO 2 (hereafter referred to as MT) ceramics is well known as the material for temperature compensating capacitor and dielectric resonator. However, it required sintering temperatures as high as 1300 o C. In this study, to reduce the sintering temperature of MgCO 3 -TiO 2 system, the method of mechanical activation, a common part of the powder preparation route, was chosen. The measured dielectric properties were discussed from the results based upon the densification, X-ray diffraction patterns and the microstructures of ceramics. The authors have attempted to reveal the influence of milling conditions on structural and dielectrical properties of sintered magnesium-titanate ceramics.
EXPERIMENTAL
Samples were prepared by conventional solidstate ceramic processing using MgCO 3 (99.9% p.a.) and TiO 2 (99.9% p.a.) as the starting materials. Appropriate amounts of the compositional constituents, those correspondents to the demanded stoichiometric ratio 1:1 were weighed out. The powders were submitted to mechanochemical treatment, in a planetary ball mill device (Fritsch Pulverisette 5), with zirconium oxide balls (approx. 10 mm in diameter) and the ball to powder mixture mass ratio was 40:1. The time of milling was varied from 15 to 120 min and mixtures, as appropriate samples, were denoted according to the applied time of activation as MT-00, MT-15, MT-30, MT-60 and MT-120. Powders were then sieved through a 0.2 mm sieve. The binder-free powders were compacted at 400 MPa pressure using the uniaxial double action pressing process in an 8 mm diameter tool (Hydraulic press RING, P-14, VEB THURINGER). Compacts were placed in an alumna boat and heated in tube furnace (Lenton Thermal Design Typ 1600). The heating rate was 10 o C/min and when the temperature of the furnace reached 1100 o C, compacts were sintered isothermally in air atmosphere for 180 min. The density of specimens was calculated for precise measurements of specimen's diameter, thickness and mass.
X-ray powder diffraction patterns of the milled powder mixtures, as well as sintered samples, were obtained using a Philips-Analitical PW-1710 diffractometer, with a CuK  radiation and a step scan mode of 0.02 o /2 s. The morphology of obtained powders was characterized using scanning electron microscopy (JSM-6460 LV JEOL).
The measurements of electrical resistivity, capacitance and loss tangent of samples were measured in the frequency range from 500 Hz to 5 MHz frequencies with a HIOKI 3532-50 LCR HiTESTER device at a constant voltage mode (amplitude 0.5 V of sinusoidal signal applied to the specimens). The "four-probe" configuration has been employed. The samples were prepared by painting silver electrodes on both sides followed with thermal treatment at 120 o C for 2 h performed in order to improve the paint conductivity.
RESULTS AND DISCUSSION
According to our X-ray analysis [5] , intensive milling of MgCO 3 -TiO 2 powder mixture leads to the decrease of crystallinity, occurring as a consequence of defect formation and diminution of crystallite size. The diffractograms obtained after 15 and 30 min of activation, show that the decomposition of MgCO 3 takes place along with the simultaneous formation of MgTiO 3 phase, occurring as a consequence of a solid-state reaction between MgO and TiO 2 .
We have noticed that: intensities of all starting phases are significantly lowered after 15 min of mechanical treatment, the first significant appearance of a new magnesium-titanate phase along with all the starting phases is established after 30 min of mechanical treatment. Microstructure parameters revealed from an approximation method [6] of ballmilled MgCO 3 -TiO 2 powder mixture: particle size (D hkl ), density of dislocations ( D ) and lattice strain (e hkl ) are presented in Fig. 1 . After sintering, a magnesium-titanate (MgTiO 3 ) phase along with small amounts of unreacted TiO 2 [7] phase is observed (Fig. 2) . Also, phase identification has been done using JCPDS cards 01-079-0831 and 01-074-1940 for magnesium-titanate and titan-dioxide, respectively. 
Figure 2. XRD pattern of sample activated
Mechanical activation is characterized by crystallite size reduction and increase in dislocation density and lattice strain, and our experiment confirmed these facts. Mechanical activation leads to the reduction in cohesive dispersion domains for all directions observed, the number of defects within the material rises and that reclaims the diffusion of MgO and TiO 2 atoms, which leads to a solid-state reaction. The evolution of microstructure constituents, grains and pores occur during the sintering process, where with the increase of temperature and prolonged time of sintering, the adequate processes of grain growth and decrease of pore size are taking place. The results of microstructure development are in accordance with dielectric properties of the samples. The values of density obtained before and after sintering (d 0 and d s , given in gcm -3 ), quality factor (Q), relative dielectric permittivity ( r ) and specific resistance (, given in m) are given in Table 1 . The electrical measurements pointed out that dielectric permittivity of the specimens increased with activation time reaching its maximum for the sample activated during 120 min. It is believed that the densities play an important role in controlling dielectric loss, as has been often found in other microwave dielectric materials [8] .
The Q value is generally affected not only by the lattice vibration modes, but also by the pores, the second phase, the impurities, the lattice defect, crystallizability and inner stress [9, 10] . According to our analysis, a higher density resulted in higher dielectric permittivity owing to the lower porosity for the fixed sintering temperature. The increase in activation time is beneficial to the densification after sintering and crystallizability until the Q value reaches the maximum. A further increase in activation time will probably result in the appearance of abnormal grains and pores after sintering process and consequently lead to the reduction of the Q value. This suggests that, for the activation and sintering conditions that we used, a higher density and the homogeneity of morphology are dominantly responsible for the higher values of dielectric properties of the samples. 
CONCLUSIONS
In this article the influence of mechanical activation of the MgCO 3 -TiO 2 system on structural and dielectric properties of sintered magnesium-titanate ceramics has been examined. It was found that the first significant appearance of MgTiO 3 phase along with all the starting phases was established after 30 min of mechanical activation. A magnesium-titanate, MgTiO 3 , phase with small amount of TiO 2 in all samples has been synthesized successfully after the sintering process. Also, the process of mechanical activation leads not only to the decrease in crystallite size and increase in dislocation density and lattice strain, but to the significant reduction in sintering temperature too. Moreover, the MT-120, sample activated 120 min and sintered at 1100 o C for 3 hours exhibited the best microwave dielectric properties:  r of 19.22, Q value of 280 (at 5 MHz), and the lowest dielectric loss of 0.003.
